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Observation of S aceCharge Effects
%in the Los Alamos roton Storage Ring

D. Neuffetr, D. Fitqpmld, T. Hwdek, R- Hutaon
R Macek, M. Plum, H. Thiaxsen and T.-S. Wang

Lou Abnmx National Laboratory, Loa Alamm, NM 87545

Abdmet

In ment operatkn of the La Alurm Proton Storqe
Fling (PSR), the vertical ud horixontd tunes have hem
moved cbr to he integers (UV = 212, v- = 3.17) to
enlarge the bw-bu working regicm. [n tbio region, the
beun can be signiflcutly aHected by cpace ch~ge. The
first o~rved effects are ● nondestructive distortion of the
be-m protlb and vertical growth of beun sixe m.dllcient
to keep the shifted tunes from erasing the integer, but
without lazge beam I-, At higher intemiticn, or with
tunes cl-r to the integer, beam blow-up, accompanied
by beun 1~, cm occur. In this pa~r, we report recent
obervatioru of this intensity-dependent etlxt m~d discuns
implicatiorw for future PSR oper~ion.

I. INTRODUCTION

The k Akrum Proton Storage Ring (PSI?) is a fMt-
cycling mtorage ring d-igned to accumulate beam over a
mwopulse of th( LAMPF lin~ (z1 rru) by multiturn
injection through s ~tripper fnil, and compress that beam
into a short, single-turn extracted pulM (0,25 w), that
driv- ● rpallation neutron murce. The design intencity
u 10GPA on target with a 12-HI repetition rate, which
implies N = 6.2 x 10’3 protons/puke. Cllrrently, the PSH
uhieva 80 PA st 20 Hz (N = 2A x 10”), and is limited
by beun h, u well u an instability.[1] Other key PSR
p~uneters include proton kinetic energy (T = 797 MeV)
with kinetic factors (~, 7 = 0,842, 1,85); ring circumference

(C= 2*R = 90.lm); mean beermpipe radius (r = O.OUm);
revolution frequency (~ = 2,795 MHs); mnd a single-hunch
harmonic (h = 1, L’ = 10 kV) rf symtern.

In recent operation, the horisontd d vertical tunes
have been moved cber to the integer (u, = 3 l-i, VW=
2.12) to obtain MOM st~b operation within a luger low.
la wwking region, The clmer proximity to the integer
enhanca qmcecharge eflects, and in this pnpcr we report
mme obarvatlons of theoe etTecta.

11. SPAC~CHAItQE TUNE SHIFTS

The PSR is a high-intennity, Iow.energ,y ring, mnd
therefore m ●xpected to have relatively Iqr mpacwhqe

—
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ethcts. FoUowing previoux anafym, we expect space
chuge forca, u well as tune shifts and spreada from
electromagnetic mlf-flelck and from ekctric and magnetic
image forcas. At PSR paran-d.ers, the lug-t tune shift u
due to the electromagnetic self-field and io given by

Auv = -
?p d F“ dN—, (1)

2A92# Uw(u, + Uv) dz

where rP = 1.536 x 10-” m, (o=, &y) are the rrrm beam
width and height, ~W ~ R/ur is an ●veraged b~tatron
function, and d.V/dz u the longitudinal density. Au= u
obtained froln the same formula with z and u exchmged,
The formuls Mwrnes Gmssian density proflla and should
be r-rmditbcl by a shape factor F for different distributions.
The tune shifh apply to wnalf-amplitude rrmtion; lazger-
arnplitude puticlu have smaller tune shifts, and the Au~,V
reprucnt m~irnal “incoherent” tune Bpreack for the entire
beam.

There ue alm ebctric- Md magnetic-imagefield
tune shifts, which inclllde both coherent and incoherent
effecm (ace references 2,3,4). At PSR parameters, the
image terrrm are dnmt an order of magnitude mnafler
than the direct terl,u [Eq, (l)] and will not be explicitly
discucsed here.

The size pararn~tera u,, ar ue given in terms of
emittances and betatron function by

where the betatron snd dimpsrwion functionrn (~,, ~V, ~)

me averaged around the ring and (Ap/p) u the rrru
nlomcntufn npread,

The averaging and other approximations intro~lllce
mveral pouible inaccuracy- in ●pplylnq the tuneshift
formulae to the PSR. The monmntum wd amplitude
distributions me not Gaunian, Neutrslisation of the benrn
by strmy ●lectrons may occur and would reduce the tune
nhift. Am-1 the dependence on !ongitudind denclty dN/ds
can vuy mb~tnntially, In the cdculaticms below, we have
ACUIlllWdtha: tha ]ongitulf\nal uenslty proflb is m(i~umian

(Iintributim mi~l, rmndard devintion approxill~atcly eqIId

to tlw ring rndius, 01] tho nmxillmm {Iensity in given hy

(0)



which impliee a bunching factir of 2S. The density
profile were metmeaaureddirectly in this caae and could
be mmewhat different. However,cocuiatent treatment of
-irnilar caaa will allow accurak exploration of the changes
in the beam.

At typical PSR parametem (N = 2 x 101s, Ap/p =
0.0025,c, = c, = 25mrrummFl, wherec - 4u2/&), Eq, (1)
obtaim AI/= = 0.07, and Auv = 0.10. comparable to the
dietance-teinkger tune thift. The rmmaurements below
explore the eflecta of thie proximity.

111. MEASUmMENTS OF EFFECTS
oN BEAh4

The spacL+chargeeffec~ we greatly dependent on
beam size, and in ueud operatioo the beam ia injected
off-center vertically, This Ieada to an enlarged beam with
a non-Gauaaian density and reduced Auv. It wrw noticed
that when injected cm-axio the beam had a final vertical
size that wm dependent on beam current. Subsequent
experiment and calculation chewed that thie WM a space-
charge effect.

In the experiment, a constant total injection width
of 625 w wu used with a dropped micropulse width of
260 ns, centered within the &X1-na ring circumference,
lntenmity WM varied by changing the “countdown.” (CD)
which eete the fraction of Iinac buckets that contain beam.

(CDe of 1, 2, and 4 imply full, half, and on~fourth
intensitia, rapectively.) In this expmiment, full intensity
wae N S 2,3 x 10’3 protcm, although calibration ww not
preciee, The horizontal tune WMfixed at v. = 3.155, while
the vertical tune WM varied to tat dependence, The
beam was extracted immediately at the end of injection,
ml beam prcdllee were meaaured try wire ncann in the
extraction ‘inem, The reaulte of one vertical and two
horizontal wire acana ●t extraction are u~d, in conjunction

with the TRANSPORT betatron functions at the wire

mcanner Iocationa, to obtun vmlues of Ap/p, t,, and Cw,

umng Eq, (2), Figure I diaplayo vertical wire-scan data
M up = 2,100 for countdowm of 4, 2, 1 and shows heanb
nize incre~ with intensity, The direct tune ~hifts were
calculated uming Eq. ( I); image terms wtw not inrludml
but would move th~ vertical tuneo a bit clmwrto lh~ int~gor

(by -0.01- 0,00) and horisontd tunee farlher awny,

Complete dml~ for uv = 2,1WI,2.142, 2,100, nnd 2.OMI

~re duplayed in Tahb 1, l)emw~izp ;acre~ with intennity
i~ -hOwn, partirulmdy for turm nmr th~ int?ger. For v“ =
!/.142, 2,100, and 2,060, th~ beam ni.,e inrrcamw ulwil thr
tune thift Mturatea at VRIUHsuch that Uv -- IAu! rrwminn

Awe tIIe Intege:.

The beam blow-up in not accomraniwl h; Iuawa until
the henm Iwronwa too lnr~~ (at Uv = 2. IJO, [ :1) = 1, d ILL

u“ = 2,01MI,(;II ~’2). AIM, nigniflrnnt !umig{mtml tw~tll-nizr

increeee occum only in extrrme rnsea (tir = 2142, 2,100 nt

(’1) = I ) with l~rge roupling or lmrg~hmmn,
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Figure 1. Beam profiko meamred by wire ncans for (a)
Countdown = 4, (b) Countdown = 2, wd (c) Countdown
= 1.

fible I. Complete Dd~ for Vv.

a.lm 4 0.6 8.b 0,S 20.1 sod 0W5 0,117S

a 1.18 9,0 0.41 12.4 11.0 0,0s5 0. I I 5

1 2.3 13,3 0,3JI 26.6 20.0 LLm (r,I.ul

2n14a 4 0,6 8,4 0.41 19.7 8,4 0.032 0.()?5

2 1.1s 11.5 0.45 18,7 13!? IJ.OWl 0.()!J5

I ‘a.3 15!5 0!41 2684 an.ft MWJ (It 1:1

a.lm 4 0.6 9s8 0s47 ISA 10.7 I)MII 11.(lrll

a I. Ill 14,11 0,45 in.4 2n.u 0,0,s4) [1.lrrl#

I 2)3 21.m 0.31 44JJ 55A) (JItlfl!l 1)(Ml-l

2.059 4 0,6 11.6 0,46 180 IIIJJ (MM* 11.1)4:1

2 1,18 ‘MA 0s4b Irl.(1 MJ.!I 0,04 I II !)1!)

1 tl-1 km pr-vmlld IIpmW itm

III the calculation, we IIstd P, = d.thnl ;7V =: tl,~, q :. I PIIII

ad 1) = 2,1N)7.
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IV. OPERATIONAL OBSERVATIONS

In usual operation the beam is iqjected off-axia
vertically, m that the beam fine the aperture. This
minirnizee Au,,8. The ic@cted beam m far from Gmmiau
and ia actually relatively “hollow” vertmlly. Figure 2
shows vertical beam profil= at extraction horn production
conditions (N * 2.25 x 1013 at a CD of 1). Figure 2 cbowe
profiles at CDe of 4, 2, 1 (1/4, 1/2, and full intendty).
At lower intenaitiee, the beam haa a pronounced “hollow”
shape vertically with an inteneity minimum at ~ = O.
With higher intenoity, the dbtribution changea becuming
smoother, with a tlat density near y = O. Tbia change

reduces the space-charge tune spread. Beam h are not
greatly increeaed by the distribution abib; in changing
from CD =2to CD= 1, Icai+rtonitor recline increa8ed
from 24 to 52 pV-0, only slightly rrmrethan lkar with
current.

I

I CD-4
‘+’,1 Ua -5.25- , ,

$
8, =S.lmm “, , ,, .

b

,fi
(b)

, #“ “\

Figure 2, km protk nwnmrred by wire scans for (a)
( “Olmtdnwn = 4, (h) (’r)lllltdowll = 2, and (c) Countdown
= I. ‘1’hr hmm WM injmtml dhria vertically.

At these parameter (N = 2.25 x 10’3, c. = 17smm-
mR, Ap/p * 0,0018, ev = 42z, B = 2.507) and Gawian
formulae, we obtain Au= = 0.092, and Avv = 0.089.
Becauae v. = 3.17 and VW = 2.12, the shifted vertical
tune ie cl- to the integer. At CD = 1, the proximity
to the integer hee bessr,reduced by the flattening of tbe
distribution, but without much increase in beam k.

V. SUMMARY AND DISCUSSION

Under both production and development conditions,
opac~charge effects on the PSR beam have been okrved.
The first effect ia a nondestructive distortion of the vertical
beam profile and/or a size increase md’ficientto I.eep ohifted
tunes from croeeing the integer, but without large beam
Ioeaea, At higher inteneitiee, or VWnearer the integer,
beam blow-up with Iaews occurs, Tk k general behavior
nhould dao occur in other high-intensity synchrotrons
with large, direct spacecharge forcee (e.g., BNL AGS and

Booeter, Fermilab Booster, CERN PS and Booeter, SSC
Low-Energy Booeter) and should be cormidered in their
design and operation. We note that in some of thw casea
(unlike the PSR), nond-tructive emittance increase io
undesirable, Our observations app!y to situation in which
the tunes are in proximity to an integer reumance and not

to other reaonancew When the tunes are in proximity to
other reaonancea (N/3, N/2) $he reoulte could be mmewhat

differer.t and should be explored.
current operational parametem (I~S ~ 2.17, uw ~

2. 12) are clrme to vertical space-charge Iirn.tta. Significant

increaaem in intensity (from N 9 2.5 x 1013) will require

increasing the vertical tunes.
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